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[57] ABSTRACT 
Compounds are described of formula (I) 

y 

wherein R 1 is a hydrogen atom, an alkyl group, an alk- 
oxy group, a dialkylamino group or a halogen atom; n is 
1 to 4; R 2 is -a hydrogen atom, an alkyl group, an unsub- 
stituted or substituted aminoalkyl group, an acyl group, 
an unsubstituted or substituted aralkyl group, a carbox- 
yalkyl group, an alkoxycarbonyalkyl group or 

-alkyl— N N— X 

\ / 

wherein X is an unsubstituted or substituted-phenyl, 
-benzyl, -benzoyl or -furoyl group; A is -NR. 3 - where 
R 3 is hydrogen or alkyl, an alkylene or an alkylidene; 
and B is a heterocyclic group selected from triazolyl, 
pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, ben- 
zimidazolyl, benzothiazolyl, quinolyl and isoquinolyl, 
said heterocyclic group being optionally substituted by 
one or more alkyl, alkoxy, nitro or phenyl group, and 
the physiologically acceptable acid addition salts 
thereof. The compound of formula (I) are or cardio- 
tonic activity and thus may be useful for the treatment 
of circulatory diseases. 

14 Claims, No Drawings 
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pies of suitable acyl group include acetyl, propionyl, 
BENZIMIDAZOLE DERIVATIVES butyryl and stearoyl. The unsubstituted or substituted 

amino-alkyl group is for example represented by the 
BACKGROUND OF THE INVENTION formula 
This invention relates to new benzimidazole deriva- 5 
tives having a cardiotonic effect, to processes for the R' 
preparation thereof and to pharmaceutical compositions _ 
comprising said derivatives. 2p \ 

Japanese Patent LOP Publn. No. 215388/1986 dis- R" 
closes benzimidazole derivatives having a gastrose- 10 

cretoinhibitory effect. where R' and R" independently are hydrogen or alkyl 

Japanese Patent LOP Publn. No. 123115/1987 dis- and p is 2 to 4, typical examples of said group including 
closes benzimidazole derivatives having a cytoprotec- aminoethyl, aminopropyl, monomethylaminoethyl, and 
tion from gastric acid. dimethylaminoethyl. Examples of suitable carboxyalkyl 

However, the benzimidazole derivatives disclosed 15 group include carboxy methyl, 3-carboxy propyl and the 
above are the compounds wherein the benzimidazole like. Examples of suitable alkoxycarbonylalkyl groups 
group is attached, through — S— , — SO2— or — S->0, include methoxycarbonylmethyl, ethoxycarbonyl- 
to a pyridyl group or a phenyl group. These compounds methyl and the like. Preferred examples of the unsubsti- 
are quite different in chemical structure and phannaco- tute( j or substituted aralkyl groups include benzyl and 
logical effects from the compounds of the below-men- 20 p h e netyl. Examples of the group represented by 
tioned formula (I) according to the present invention 
wherein the benzimidazole group is attached, through 

—CO — , to a heterocyclic group. / \ 

Further, other benzimidazole derivatives are men- .ikvi— n n— x 

tioned in J. Chem. Soc. (C) 25-29 (1967) and Chem. Ber. 25 > , 

105, 337-352 (1972), but these derivatives are different > ' 

in chemical structure from the compounds of the inven- 
tion. There is no mention therein of the pharmaceutical include those of the formula wherein X represents 
use for these derivatives. 

DISCLOSURE OF THE INVENTION 3 ° o /C^Y^- R " ft | ^K* 

According to this invention there are provided new — c — (( jS , — c— J? 
compounds of formula (I) having a cardiotonic effect or y — / 0 . 

physiologically acceptable acid addition salts thereof. . 

<J>i" . °* -W " W 

I2 40 where R'" is hydrogen, alkyl or alkoxy, suitable exam- 

ples of said groups including (4-dimethoxybenzoyl)-l- 
wherein piperazinyl)ethyl, (4-furoyl-l-piperazinyl)ethyl, (4-ben- 

RJ is a hydrogen atom, an alkyl group, an alkoxy ' zyl-l-piperazinyl)ethyl, (4-(methoxy phenyl)- 1- 

group, a dialkylamino group or a halogen atom; n is 1 to 45 piperazinyl)ethyl and (4-(ethoxy phenyl)- 1-piperazmyl- 
4; )ethyl. - 

R 2 is a hydrogen atom, an alkyl group, an unsubsti- For A in the compounds of formula(I), suitable exam- 
tuted or substituted amino-alkyl group, an acyl group, pies of — NR 3 — includes the unsubstituted or C1-6 
an unsubstituted or substituted aralkyl group, a carbox- alkyl-substituted imino such as — NH— — N(CH3)— , 
yalkyl group, an alkoxycarbonylalkyl group or 5Q — N(C2Hs)— , and examples of suitable alkylene include 

C2-C4alkylenes such as methylene, ethylene, propylene 
and butylene. Further, examples of suitable alkylidene 
/ \ include C2-C4 alkylidenes such as methylene, ethyli- 

-aikyi— N N— x dene, propylidene, butylidene and the like. Among oth- 

\ I 55 ers, — NH — , — N(CH3)— and methylene are preferred. 

Examples of suitable groups for B in the compounds 
where X is an unsubstituted or substituted-phenyl, -ben- of formula (I) include 5-(l,2,3-triazolyl), 3-(l,2,4-triazo- 
zyl, -benzoyl or -furoyl group; lyft 2-pyridyl, 3-pyndyl, 4-pyndyl, 3-pyndazmyl, 4- 

A is — NR 3 — where R 3 is hydrogen or alkyl, an pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidi- 
alkylene or an alkylidene; and 60 nyl, 2-pyrazinyl, 2-benzimidazolyl, 2-benzothiazolyl, 

B is a heterocyclic group selected from triazolyl, 3-benzoisothiazolyl, 2-quinolyl, 1-isoquinolyl, methyl- 
pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, ben- substituted pyridyl, methyl-substituted pyrimidyl, me- 
zimidazolyl, benzothiazolyl, quinolyl and isoquinolyl, thoxy-substituted pyridazinyl and methoxy-substituted 
said heterocyclic group being optionally substituted by benzothiazolyl. 

one or more alkyl, alkoxy, nitro or phenyl group. 65 The compounds of formula (I) can be in the form of 
For R 2 in the compounds of formula (I), examples of the acid addition salts made with physiologically ac- 
suitable alkyl group include a Ci-6 preferably Ci^t alkyl ceptable acids, e.g., inorganic acids such as hydrochlo- 
group, e.g., methyl, ethyl, propyl and butyl; and exam- ric acid and sulfuric acid or organic acids such as fu- 



marie acid, tartaric acid and succinic acid. Thus, it is 
intended that the reference to the compounds of for- 
mula (I) in the present specification is always referred to 
the acid addition salts. 

Typical examples of the present compounds are re- 5 
cited below. 

(1) N-(2-Pyridyl)benzimidazole-2-carboxamide 

(2) N-(4-Methyl-2-pyrimidinyl)benzimidazole-2-car- 
boxamide 

(3) N-(4-Methyl-2-pyridyl)benzimidazole-2-carboxa- 10 

(4) N-(6-Methoxy-2-benzothiazolyl)benzimidazole-2- 
carboxamide 

(5) l-(^-Dimethylaminoethyl)-N-methyl-N-(2-pyridyl)- 
benzimidazole-2-carboxamide 

(6) (2-Pyridyl)methyl-2-benzimidazolyl ketone 

(7) N-(4,6-Dimethyl-2-pyridyl)-5,6-dimethoxyben- 



(29) N-Methyl-N-(4,6-dimethyl-2-pyridyl)-l-[2-(4-(2- 
ethoxypheny 1)- 1 -piperazinyl)ethyl]benzimidazole-2- 
carboxamide 

(30) N-(4-Methyl-2-pyridyl)- l-[2-(4-(2-methoxy- 
phenyl)-l-piperazinyl)ethyl]benzimidazole-2-carbox- 

(31) N-(4,6-Dimethyl-2-pyridyl)-l-[2-(4-(2-methoxy- 
phenyl)-l-piperazinyl)ethyl]benzimidazole-2-carbox- 



(8) N-(2-Pyridyl)-5-methylbenzimidazole-2-carboxa- 
mide 

(9) N-Methyl-N-(4,6-dimethyl-2-pyridyl)-l-[2-(4-(3,4- 
dimethoxybenzoyl)- 1 -piperazinyl)ethyl]ben- 
zimidazole-2-carboxamide 

(10) N-(2-Pyridyl)-l-[2-(4-(2-methoxyphenyl)-l- 
piperazmyl)ethyl]benzimidazole-2-carboxamide 

(1 1) N-(2-Pyridyl)- l-[2-(4-(3,4-dimethoxybenzoyl> 1- 
piperazinyl)ethyl]-5,6-dimethoxybenzimidazole-2- 
carboxamide 

(12) N-(2-Pyridyl)-l-[2-(4-(3,4-dimethoxybenzoyl)-l- 
piperazinyl)ethyl]benzimidazole-2-carboxamide 

( 1 3) N-Methyl-N-(2-pyridyl)- 1 -[2-(4-(3,4-dimethoxy- 
benzoyl-l-piperazinyl)ethyl]benzimidazole-2-carbox- 

(14) N-(4,6-Dimethyl-2-pyridyl)-l-carboxymethylben- 
zimidazole-2-carboxamide 

(15) N-(4,6-Dimethyl-2-pyridyl)-l-03-dimethylamino- 
ethyl-5,6-dimethoxybenzimidazole-2-carboxamide 

(16) N-Methyl-N-(4,6-dimethoxy-2-pyridyl)-l-03-dime- 



(32) N-Methyl-N-(4,6-dimethyl-2-pyridyl)-l-benzylben- 
zimidazole-2-carboxamide 

(33) N-(4,6-Dimethyl-2-pyridyl)-l-benzylben- 
zimidazole-2-carboxamide 

15 (34) N-(4,6-Dimethyl-2-pyridyl)-l-phenethylben- 
zimidazole-2-carboxamide 
(35) N-(4,6-Dimethyl-2-pyridyl)-l-(3,4-dimethoxy- 
phenethyl)benzimidazole-2-carboxamide 
2Q (36) N-(4-Phenyl-2-pyridyl)benzimidazole-2-carboxa- 

(37) N-(5-Nitro-2-pyridyl)benzimidazole-2-carboxa- 
mide 

(38) N-Methyl-N-(4,6-dimethyl-2-pyridyl)ben- 
25 zimidazole-2-carboxamide 

(39) N-(2-Py ridyl)- 1 -(ethoxy carbony lmethyl)ben- 
zimidazole-2-carboxamide 

(40) N-(4,6-Dimethyl-2-pyridyl)-l-(ethoxycarbonylme- 
thyl)benzimidazole-2-carboxamide 

30 (41) N-(4-Phenyl-2-pyridyl)-l-(ethoxycarbonylmethyl)- 
benzimidazole-2-carboxamide 

(42) N-(3-Pyridyl)benzimidazole-2-carboxamide 

(43) N-(4-Pyridyl)benzimidazole-2-carboxamide 
J5 (44) N-(2-Pyrazinyl)benzimidazole-2-carboxamide 

(45) N-(2-Pyrimidinyl)benzimidazole-2-carboxamide 

(46) N-(3-( 1 ,2,4-triazolyl)benzimidazole-2-carboxamide 

(47) N-(2-Quinolyl)benzimidazole-2-carboxamidc 

(48) N-(l-Isoquinolyl)benzimidazole-2-carboxamide 



thylaminoethyl)benzimidazole-2-carboxamide 40 (49) N-(4-pyridyl)-5,6-dimethoxybenzimidazole-2-car- 

(17) N-(4,6-Dimethyl-2-pyridyl)-l-03-dimethylaminoe- boxamide 
thyl)benzimidazole.2 : carboxamid e (50) N . (6 . methoxy . 3 .p yridazinyl) .5,6-dim e th 0 xyben- 

zimidazole-2-carboxamide 
(5 1) 2-[(2-benzimidazolyl)acetyl]benzimidazole 

This invention also relates to processes for the prepa- 
ration of the compounds having formula (I). The pro- 
the following (a) and (b). 



(18) N<5-Methyl-2-pyridyl)-l-(^-dimethylaminoethyl)- 
benzimidazole-2-carboxamide 

(19) N-(2-Pyridyl)-l-methylbenzimidazole-2-carboxa- 45 * 



(20) N-(2-Pyridyl)-5,6-dimethoxybenzimidazole-2-car- 
boxamide 

(21) N-(3-Methyl-2-pyridyl)benzimidazole-2-carboxa- 
mide 50 

(22) N-(5-Methyl-2-pyridyl)benzimidazole-2-carboxa- 
mide 

(23) N-(6-Methyl-2-pyridyl)benzimidazole-2-carboxa- 
mide 

(24) N-(4,6-Dimethyl-2-pyridyl)benzimidazole-2-car- 55 
boxamide 

(25) N-(4,6-Dimethyl-2-pyridyl)- l-[2-(4-(3,4-dimethox- 
ybenzoy 1)- 1 -piperazinyl)ethyl]benzimidazole-2-car- 
boxamide 

(26) N-(4,6-Dimethyl-2-pyridyl)-l-[2-(4-(3,4-dimethox- 60 
ybenzoyl)-l-piperazinyl)ethyl]-5,6-dimethoxyben- 
zimidazole-2-carboxamide 

(27) N-Methyl-N-(4,6-dimethyl-2-pyridyl)-l-[2-(4-(2- 
furoyl)- 1 -piperazinyl)ethyl]benzimidazole-2-carboxa- 

(28) N-Methyl-N-(4,6-dimethyl-2-pyridyl)- l-[2-(4-ben- 
zyl-l-piperazinyl)ethyl]benzimidazole-2-carboxa- 
mide 



(a) A compound of formula (II) 



wherein R' a is a hydrogen atom, an alkyl group, or a 
halogen atom and n is 1 to 4, is reacted with a com- 
pound of formula (III) 



wherein A and B are as defined above and Z is a hydro- 
gen atom, lithium, sodium or potassium, to form a com- 
pound of formula (I' a ) 



6 

substituted 2-aminopyridines in an ordinary manner 
followed by reduction with lithium aluminum hydride. 

the compounds (I) obtained by the 



r <^ v \^N jj* Purification of the compounds (I) obtained bj 

(R' „)„ I J— c— A— B process (a) is carried out by known processes, 

^s^^^N 5 recrystallization from a solvent such as a mixed solution 

I of chloroform/methanol, column chromatography on 

H silica gel and the like. 

. „ „ , . . r~ j i The process (b) is illustrated by the following 

wherein A, B, R> 0 and n are as defined above, or scheme F 

(b) A compound of formula (IV) i 0 



wherein R'i is a hydrogen atom, an alkyl group, an 
alkoxy group or a dialkylamino group, R is an alkyl 
group, n is as defined above, and R 4 is a protective 
group, is reacted with a compound of formula (III') 

z'-a-b- (in-) 

wherein A is as defined above, B' is a heterocyclic 2 
group selected from pyridyl, pyridazinyl, pyrimidinyl, 
pyrazinyl, benzothiazolyl, quinolyl and isoquinolyl, said 
heterocyclic group being optionally substituted by one 
or more alkyl, alkoxy, nitro or phenyl group, and Z' is 3 
lithium, sodium, potassium or dialkylaluminum, and 
then the protective group is removed to form a com- 
pound of formula (Tj) 



d'6) 



(V) 



wherein A, B', R'j and n are as defined above, and (R' A [ ( "^ J fy— c— a— 

optionally the compounds of formulae (I'a) and (I'i) are 
treated with an alkylating agent or an acylating agent to 
convert to the compounds of formula (I) wherein R 2 is 
the substituents other than hydrogen, or if desired the 
compounds thus obtained are converted to the physio- 
logically acceptable acid addition salts according to 
conventional methods. 

According to the process (a), the reaction between 5 
compounds of formula (II) and those of formula (III) is 

carried out in a polar aprotic solvent, preferably di- ^2 
methyl sulfoxide (DMSO) or hexamethylphosphoric 
triamide (HMPT), and ordinarily at a temperature be- 
tween 10° C. and 100° C. or more. A molar ratio of the 55 

compounds (II) to the compounds (III) is generally wherein R, R 1 ;,, R 2 , R 4 , n, A and B' are as defined 
about 1:2. Preferably, the compounds (III) are used in above. 

slight excess. Compounds of formula (X) can be synthesized by 

Compounds of formula (II) may be prepared by pro- reacting benzimidazoles with appropriate halides in the 
cesses known from any literature, e.g., JACS 65, 1072 «) presence of a base. In case of using said halides, e.g., 
(1943). methoxymethyl chloride, ethoxymethyl chloride, me- 

Most of the compounds of formula (III) are commer- thoxymethyl bromide or ethoxymethyl bromide, polar 
cially available and other compounds can be prepared aprotic solvents such as DMSO are preferably used as a 
by processes known from any literatures, e.g., J. Org. solvent for reaction. The base used includes alkali metal 
Chem. 48, 2933 (1983); Org. Reactions, 1, 91; and JACS 65 hydroxides, e.g., sodium hydroxide, potassium hydrox- 
80, 980 (1958). ide and alkali metal hydrides, e.g., sodium hydride, 

The alkyl-substituted 2-(methylamino)pyridines can potassium hydride or the like. In case of using as halides 
be prepared by formylation of the corresponding alkyl- N,N-dialkylsulfamoyl halides, e.g., N,N-dimethylsul- 
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famoyl chloride or N,N-dimethylsulfamoyl bromide, 

the solvents for reaction are preferably inert solvents 

such as dichloromethane, chloroform and toluene. The ' * 

base used includes tertiary amines, e.g., triethylamine, y— (ch 2 ),— n n— x 

tri-n-propylamine and the like. Pyridine, quinoline and \ / 

picoline can be used for both the reaction solvent and 

the base. wherein X is as defined for the formula (I), Y is a halo- 
Compounds of formula (IV) can be synthesized by atom 311(1 <J is 2A > e -S- (4-(dimethoxybenzoyl)-l- 
reacting the compounds (X) dissolved in a solvent such io piperazinyl)ethyl halide, (4-furoyl-l-piperazinyl)ethyl 
as ether, tetrahydrofuran with an alkyl lithium, e.g., ^hde (4*^M- I «per^yl)j^yl hahde (^-(me- 
n-butyl lithium followed by reaction with a lower alkyl tho X y P henyl)-l- plp eraziny )ethyl hahde and (4-(ethoxy- 
ester of chloroformic acid ^SS^^telS' «Uition salts of the 
Subsequently, compounds of formula (IV) are re- compounds of formula (I) according t0 the presen t 
acted with compounds of formula (III ) (for example, i nvent ion may be prepared by the application or adapta- 
Z=Na) to prepare compounds of formula (V). The tion Q f known methods for the preparation of salts of 
reaction is preferably carried out in a polar aprotic organic bases, for example, by reacting the compounds 
solvent, preferably DMSO or HMPT. In general, the of the formula (I) with the appropriate acid in a suitable 
reaction is carried out at a temperature between 10° and 20 solvent. Examples of addition salts include the salts of 
100° C, preferably at room temperature. Generally, a inorganic acids such as hydrochloride, sulfate, phos- 
molar ratio of the compounds (IV) to the compounds phate, and the salts of organic acids such as fumarate, 
(III') ranges from 1:1 to 1:2. Preferably, the compounds tartrate, citrate, acetate, propionate, and butyrate. 
(Ill') are used in slight excess. The compounds of formula (I) are of prominent car- 
Compounds of formula (V) are prepared by reacting 25 diotonic activity causing a selective increase in the 
compounds of formula (IV) with compounds of formula myocardial contractility without increase in heart rate, 
(III') (for example, Z'=dimethylaluminum) in a sol- these compounds can be used for the treatment and 

1 „ ^i,™ „, 1™ ♦ * ~ prevention of circulatory diseases which include heart 

vent, e.g., dichloromethane or benzene, at a tempera- , . : , . , 

ture between 10° C. and a reflux temperature, prefera- 30 rhythmla> Mglna peCt ° nS> h yP erte ™° n and 

bly at room temperature. A molar ratio of the com- ^ the present invention ^ relates tQ harma . 

pounds (IV) to the compounds (III ) is preferably from ceutical cornpositions which comprises as an active 

1 : 1 to 1 :2. ingredient the compounds of formula (I) and/or physio- 

The compounds of formula (V) thus prepared can be logically acceptable acid addition salts thereof used for 

purified by known processes, e.g., column chromatog- 35 the treatment and prevention of the above-mentioned 

raphy on silica gel and the like. Subsequently, com- diseases. 

pounds of formula (V) are subjected to acid hydrolysis The pharmaceutical compositions of the invention 

according to an ordinary method to remove the protec- . are formulated by the methods well known by those 

tive group (R 4 ), thus obtaining compounds of formula ^ skilled in the art. 

(I'b). Examples of the protective groups R 4 include In general, the pharmaceutical compositions of the 
N,N-dimethylsulfamoyl, methoxymethyl, ethoxyethyl invention can be administered orally or parenterally in 
or the like pharmacological dosage forms, such as tablets, cap- 
Alternatively, suitable R2 substituents in formula (I) sules ' *?PP<«itories, troches, syrups, granules powders, 
1x . , suspensions, injections and the like. The tablets can be 
can be introduced by direct alkylation or acylation of 45 J^, m ^ double m mmA heT with 

compounds wherein R2 is hydrogen, e.g., compounds of Qther _ FunheT> tne tablets can be coatedi if nec . 
formula (I a ) or (1 4) accordmg to the processes of the essary> with conventiona i coat ing materials, e.g., sugar 
invention. These reactions are conducted under usual coated, film coated or enteric coated, 
conditions using known alkylating or acylating agents. 5Q The additives used for solid preparations include for 
The alkylation will proceed smoothly in a polar aprotic example lactose, white sugar, crystalline cellulose, 
solvent such as DMSO or the like in the presence of a cornstarch, calcium phosphate, sorbitol, glycine, car- 
base such as sodium hydride, potassium hydride or the boxymethyl cellulose, gum arabic, polyvinyl pyrrol- 
like. The acylation are conveniently conducted in an idone, hydroxypropyl cellulose, glycerin, polyethylene 
inert solvent such as chloroform, THF or the like in the 55 glycol, stearic acid, magnesium stearate, talc and the 
presence of a tertiary amine such as triethylamine, pyri- 

dine or the like. F° r semi-solid preparations are used vegitable or 

Examples of the alkylating and acylating agents used synthetic waxes or fats, 

include alkyl halides such as methyl iodide, ethyl chlo- The additives used for liquid preparations include for 

ride; aminoalkyl halides such as aminoethyl chloride, 60 s 1 odlum ° hlonde ° s , orb "° ' f ly £ e ? n ' ° !, ve r ? * ' 

1 ui -j j- *t. 1 • .1. 1 ui j almond oil, propylene glycol, ethyl alcohol and the like, 
ammopropyl chloride dimethylarmnoethyl ch onde; In these J^£^cal compositions the active in- 
aralkyl halides such as benzyl chloride, phenethyl chlo- gredient is £ rdinally contained ? an amoum of Q j tQ 
nde; acid anhydndes such as acetic anhydride, propi- 100% by weight based on the total weight of the com . 
onic anhydnde; acid halides such as acetyl chloride, 65 position. For oral preparations the active ingredient wUl 
benzoyl chloride; alkoxycarbonyl alkyl halide; (4-sub- be in the range of 1 to 50% by weight and for injectable 
stituted-l-piperazinyl)alkyl halide represented by the preparations it will be in the range of 0.1 to 10% by 
formula weight. 
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A daily dosage of active ingredient of the invention is 'H-NMR (CDCI3, TMS): 1.18 (t, 3H), 1.31 (t, 3H), 

in the range of 1 to 1000 mg, which may conveniently 3.50 (q, 2H), 4.24 (q, 2H), 5.61 (s, 2H), 7.35 (m, 2H), 7.60 

be adminstered in one or more doses. (m, 1H), 7.85 (m, 1H). 

The precise dose employed will vary depending on EXAMPLE 1 
the age, sex and condition of the patient as well as the 5 

route of administration. N-(2-Pyridyl)benzimidazole-2-carboxamide 

To further illustrate this invention, and not by way of In a dry argon atmosphere, 2-aminopyridine (4.0 g) 

limitation, the following examples are given. Parts are was dissolved in dry dimethylsulfoxide (DMSO) (100 

by weight and temperatures are in centigrade unless ml)) (& % sodium hydride (1.7 g) was added and stirred 

otherwise specified. at room temperature for 1 hr. Dibenzimidazo-(l,2- 

SYNTHESIS OF INTERMEDIATE a,l',2'.d)-tetrahydropyrazine-6,12-dione (5.0 g) was 
added in portions under ice-cooling and reacted at room 

Intermediate 1 temperature for 2 hrs. After the reaction was complete, 

l-(N,N-Dimethylsulfamoyl)-5,6-dimethoxyben- 15 the mixture was diluted with a mixed solution of chloro- 

zimidazole form/methanol (9:1), washed twice with a saturated 

A suspension of 5,6-dimethoxybenzimidazole (6.2 g) saline solution, dried over anhydrous Na 2 S0 4 , and the 

in dichloroethane (100 ml) was added to N,N-dimethyl- solvent was distilled off. Recrystallization of the residue 

sulfamoyl chloride (5.3 g) and triethylamine (6 g) was from a mixed solution of chloroform/methanol/isopro- 

added dropwise while stirring. After the mixture was 20 Py 1 ether gave the title compound (4.37 g). 

reacted at room temperature for 24 hours, the reaction M.P. 206.3 C. 

solution was washed with an aqueous sodium hydrogen IR (KBr): 3250, 1660, 1580, 1540, 1440, 1320, 735 

carbonate solution and then with a saturated saline solu- ( cm ) , „ _ 

tion and dried over anhydrous Na 2 S0 4 . The solvent (DMSO-d 6 , TMS): 7.22 dd, 1H), 7 35 (m , 

was distilled off, precipitated crystals were filtered, 25 2I£ 7 70 (m, 2H> 7 92 (dt lH) 8.21 (d, 1H), 8.42 (d, 

washed with n-hexane and dried to give the title com- ™)< ^ 0* «-65 (bs 1H) 

pound (8 57 (?) Subsequently, N-(2-pyndyl)benzumdazole-2-carbox- 

M P 139 0 C amide (1.0 g) was dissolved in a mixed solution of chlo- 

IR (nujol): 1500, 1215, 1 140, 1030, 720 (cm- ') roform/ethanol (1:1) (50 ml) and IN hydrogen chlo- 

IH-NMR (CDCI3, TMS): 2.90 (s, 6H), 3.95 (s, 6H), 30 ndethanol solution (4.2 ml) was added. Th^e solvent was 

■no /„ iirv -1 11 r« itn 0 10 im distilled off under reduced pressure, and the precipi- 

7.28 (S, 1H), 7.33 (S, 1H), 8. 10 (S, 1M). ^ ^ ^ ^ tQ ^ ve ^ hydro 

Intermediate 2 chloride of the title compound (0.90 g). 

M P 209 2° C 

l-(N,N-Dimeth y lsulfamoyl)-2-ethoxycarbonyl-5,6- ' — 3420 _ 3140) m5 1650( 15g0> 1540> 1450; 

dimethoxybenzimidazole JJ _n 

l-(N,N-dhne^ Kmr (S^O-di TMS): 7.40 (m, 3H), 7.75 (m, 
zimidazole (5.70 g) was dissolved in dry THF (170 ml) ^ j ^ 
m a dry argon atmosphere, cooled to -60 C. and a " v " v 
solution of n-butyl lithium (1.58M) in hexane (15.2 ml) M EXAMPLE 2 
was added dropwise and stirred for 30 minutes. After 
ethyl chloroformate (2.60 g) was added dropwise, the 
mixture was slowly returned to room temperature and 
allowed to react overnight. THF was distilled off, the I« a dry argon atmosphere, 2-amino-4-methylpyri- 
residue was dissolved in ethyl acetate, washed with dine (4.0 g) was dissolved in dry DMSO (50 ml), sodium 
water and dried over anhydrous Na 2 S0 4 , and the sol- hydride (1.5 g) was added and stirred at room tempera- 
vent was distilled off. Purification of the residue by ture for 1 hr. Dibenzimidazo-(l,2-a,l',2'-d)tetrahy- 
column chromatography on silica gel gave the title dropyrazine-6,12-dione (5.0 g) was added in portions 
compound (5.13 g) as an oily product. under ice-cooling and reacted at room temperature for 

'H-NMR (CDCI3, TMS): 1.46 (t, 3H), 3.08 (s, 6H), , n 2 After the reaction was complete, the reaction 

3.95 (s, 3H), 3.99 (s, 3H), 4.48 (q, 2H), 7.24 (s, 1H), 7.39 solution was poured into ice-cold water saturated with 

( S; ammonium chloride, and precipitated crystals were 

obtained by filtration. Re-crystallization of the crystals 

Intermediate 3 from a mixed solution of chloroform/methanol/isopro- 

l-Ethoxymethyl-2-ethoxycarbonylbenzimidazole 55 Py 1 ether gave the title compound (3.10 g). 

1-Ethoxymethylbenzimidazole (1.76 g) was dissolved MI "- 264 - 5 °9:„ , rn * 
in dry THF (40 ml) in a dry argon atmosphere, cooled * (™J°1)= 3360, 3200, 1710, 1595, 1310, 750 (cm- ) 
to -60- C, and a solution of n-butyl lithium (1.58M) in 'H-NMR (DMSO-de + CDsOD , 9:1 TMS); 2.25 (s, 
hexane (9 ml) was added dropwise with stirring and 3H), 7.20 m, H), 7.34 (m, 2H), 7.62 (m, 1H), 7.82 (m, 
allowed to react for 1 hr. After ethyl chloroformate 60 1H >' ™ 
(1.62 g) was added dropwise, the mixture was slowly EXAMPLE 3 
returned to room temperature and allowed to react , ,„ . , ... , „ 
overnight. THF was distilled off, the residue was dis- N-(4-Methyl-2-pyndyl)benzimidazole-2-carboxamide 
solved in ethyl acetate, washed with water, dried over A mixture of 2-amino-4-methylpyridine (1.25 g) and 
anhydrous Na 2 S0 4 , and the solvent was distilled off. 65 dibenzimidazo-(l,2-a,r,2'-d)tetrahydropyrazine-6,12- 
Purification of the residue by column chromatography dione (1.50 g) was reacted at 100° C. for 5 hrs in dry 
on silica gel gave the title compound (0.89 g) as an oily DMSO (30 ml) in a dry argon atmosphere. After corn- 
product, pletion of the reaction, the reaction solution was treated 
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in the same way as mentioned in Example 1 to give the ature for 1 hr. The reaction solution was poured into 

title compound (1.26 g) ice-cold water saturated with ammonium chloride, and 

M.P. 262.2° C. unreacted starting material, dibenzimidazo-(l,2-a,r,2'- 

IR (nujol): 3360, 3250, 1670, 1545, 730 (cm- 1 ) d)-tetrahydropyrazine-6,12-dione precipitated as crys- 

'H-NMR (CDCI3+CD3OD 9:1, TMS): 2.43 (s, 3H), 5 tals was filtered off and recovered (2.15 g). The filtrate 

6.99 (d, 1H), 7.3-8.0 (4H), 8.13 (s, 1H), 8.22 (d, 1H) was extracted with chloroform, washed with water and 

EXAMPLE 4 dried, and the solvent was distilled off. Recrystalliza- 

* Kt '* '" tion of the residue from a mixed solution of chloroform- 
/isopropyl ether gave the title compound (2.25 g). 
> M.P. 201.5° C. 

2-Amino-6-methoxybenzothiazole (5.3 g) and diben- IR (nujol): 3340, 3220, 1635, 1570, 1405, 1105, 730 

zimidazo-( 1 ,2-a, 1 ',2'-d)-tetrahydropyrazine-6, 12-dione (cm - ') 

(4.0 g) were reacted and treated in the same manner as 'H-NMR (CDCI3, TMS): 6.82 (s, 1H), 6.96 (t, 1H), 

mentioned in Example 2 to give the title compound 7.1-7.9 (7H), 8.09 (d, 1H), 10.82 (bs, 1H) 
(4.95 g). 15 

M.P. 245.5° C. EXAMPLE 8 

IR (nujol): 3300, 3200, 1690, 1605, 1470, 1220, 750 
(cm-') 

'H-NMR (CDCI3, TMS): 1.55 (bs, 2H), 3.95 (s, 3H), „ . . , . T ,„ . . . . . , „ . 

7 09 (dd 1H) 7 3-7 9 (6H) 20 N-Methyl-N-(2-pyndyl)benzimidazole-2-carboxa- 

* ' mide (1.0 g) prepared in Example 5 was suspended in 

EXAMPLE 5 dry DMSO (20 ml), sodium hydride (0. 1 6 g) was added 

N-Methyl-N-(2^^ ^S^^SE^ 

In a dry argon atmosphere, 2-(methylamino)pyridine 25 room temperature for 2 hrs. The mixture was poured 

(4.0 g) was dissolved in dry DMSO (50 ml), sodium mto water and extracted with chloroform. The chloro- 

hydride (1.5 g) was added and stirred at room tempera- form layer was dried over anhydrous Na 2 S0 4 , and the 

ture for 1 hr. Dibenzimidazo-(l,2-a,l',2'-d)tetrahy- solvent was distilled off to obtain the residue. Purifica- 

dropyrazme-6, 12-dione (5.0 g) was added slowly under tion of the residue by column chromatography on silica 

ice-coohng, stirred for 1 hr and allowed to stand over- 3Q j the title compound (0 . 9 9 g). 

night. The reaction solution was poured mto aqueous IR (nujol) . i 650; 1580, 1105, 745 (cm-') 

saturated ammonium chloride solution, formed crystals 'H-NMR (CDCI3, TMS): 3.66 (s, 3H), 3.98 (s, 3H), 

were filtered, washed with water and recrystallized 7 Q5 (dd 1H)> 7 15 _ 7 7 (6H)> g 19 (d 1H) 
from a mixed solution of chloroform/methanole to give 

the title compound (6.20 g). EXAMPLE 9 

IR (nujol): 3050, 1640, 1590, 1435, 1340, 730 (cm-') 3 

'H-NMR (CDCl 3 + DMSO-d fi , TMS): 3.64 (s, 3H), 
7.1-7.55 (6H), 7.78 (t, 1H), 8.32 (d, 1H) 

N-Methyl-N-(2-pyridyl)benzimidazole-2-carboxa- 

EXAMPLE 6 mijje (1 5 g) pre p ared m Example 5 was suspended in 

l-(/3-Dimethylaminoethyl)-N-methyl-N-(2-pyridyl)ben- 40 dry pyridine (20 ml), anhydrous acetic acid (1.5 g) was 

zimidazole-2-carboxamide added at room temperature while stirring and allowed 

N-Methyl-N-(2-pyridyl)benzimidazole-2-carboxa- to / eac * overnight Pyridine was distilled off under 

mide (1.0 g) prepared in Example 5 was dissolved in dry reduced P re f u 5 e ' resldue ™. dlssolved m f^ 1 

DMSO (20 ml), 60% sodium hydride (0.17 g) was 45 acetate, washed with water and dried over anhydrous 

added and stirred at room temperature for 1 hr in an NajSO* and the so vent was distilled off. Purification 

argon atmosphere. Excess 0-dtaethylaminoethyl chlo- of the ' esldue by cohmm chromatography on silica gel 

ride was added to the mixture and reacted at room 8 ave * he " e compound (0.75 g). 

temperature under agitation for 20 hrs. The reaction R (™J ol ) : 1720, 1655, 1590, 1305, 765 (cm-') 

solution was diluted with chloroform, washed with 50 'H-NMR (CDCI3, TMS): 2.89 (s, 3H), 3.65 (s, 3H), 

water, dried over anhydrous Na 2 S0 4 and the solvent 7 01 & 1H )' 7 - 2 " 7 - 6 ( 4H )> 7 70 (*> 1H )> 7 99 ( m > 1H )> 816 

was distilled off. Purification of the residue by column ( d > 1H ) 

chromatography on silica gel (using silica gel manufac- EXAMPLE 10 
tured by Merck Co., Ltd.) gave the title compound 
(0.88 g) as an oily product. 5 

IR (neat): 1650, 1595, 1350, 1040, 740 (cm-') 

'H-NMR (CDCI3, TMS): 2.27 (s, 6H), 2.72 (t, 2H), N-(2-pyridyl)benzimidazole-2-carboxamide (2.0 g) 

3.67 (s, 3H), 4.56 (t, 2H), 7.05 (dd, 1H), 7.15-7.65 (6H), prepared in Example 1 was dissolved in dry DMSO (25 

8.33 (d, 1H) ml)i sodmm hydride (0.35 g) was added and stirred at 

EXAMPLE 7 60 room temperature for 1 hr. Excess /3-dimethylamino- 

,_„.,„ , , _ . ethyl chloride was added to the mixture and allowed to 

(2-Pyndyl)methyl-2-benzimidazolyl ketone react overn ight at room temperature under agitation. 

2-Methylpyridine (3.9 g) was dissolved in dry THF The reaction solution was poured into aqueous satu- 

(70 ml), 15% n-butyl lithium (27 ml) was added drop- rated ammonium chloride solution and extracted with 

wise while ice-cooling in an argon atmosphere and 65 chloroform. The chloroform layer was dried over anhy- 

stirred at room temperature for 30 minutes. Diben- drous Na2S04 and the solvent was distilled off. Purifica- 

zimidazo-(l,2-a,l',2'-d)-tetrahydropyrazine-6,12-dione tion of the residue by column chromatography on silica 

(5.0 g) was added gradually and stirred at room temper- gel gave the title compound (0.84 g). 
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IR (neat): 3350, 3050, 1680, 1580, 1300, 740 (cm- 1 ) 

1H-NMR (CDC1 3 , TMS): 2.35 (s, 6H), 2.77, (t, 2H), 
4.85 (t, 2H), 7.06 (dd, 1H), 7.25-7.85 (5H), 8.31 (d, 1H), N-Methyl-N-(4,6-dimethyl-2-pyridyl)-l-[2-(4-(3,4-dime- 
8.38 (dd, 1H), 10.17 (bs, 1H) thoxybenzoyl)-l-piperazinyl)ethyl]benzimidazole-2- 



EXAMPLE 13 



EXAMPLE 11 



carboxamide 



In an argon atmosphere, N-methyl-N-(4,6-dimethyl- 
2-pyridyl)benzimidazole-2-carboxamide (2.00 g) was . 
dissolved in DMSO (15 ml), and 60% sodium hydride 
In a dry argon atmosphere, 2-amino-4,6-dimethyl lQ (0.33 g) was added and stirred at room temperature for 

pyridine (4.0 g) was dissolved in dry DMSO (30 ml), 1 hr. A solution (7 ml) of 2-[4-(3,4-dimefhoxybenzoyl)- 
60% sodium hydride (1.30 g) was added and stirred at l-piperazinyl]ethyl chloride (2.20 g) in DMSO was 
room temperature for 1 hr. A solution of l-(N,N-dime- added dropwise and allowed to react overnight at room 

thylsulfamoyl)-2-ethoxycarbonyl-5,6-dimethoxyben- temperature under agitation. The reaction solution was 
zimidazole (6.56 g) in DMSO (15 ml) was added drop- 15 added to an aqueous solution of ammonium chloride 
wise while cooling and stirred at room temperature for and extracted with chloroform, the chloroform layer 

2 hrs. The reaction solution was poured into aqueous wa s dried over Na2S04, and the solvent was distilled 

saturated ammonium chloride solution and extracted off. Purification of the residue by column chromatogra- 

with benzene. The residue obtained by distilling off the p hy gave the title compound (3.10 g) as amorphous 

solvent was purified by column chromatography on 20 solid. 

silica gel to obtain N-(4,6-dimethyl-2-pyridyl)-l-(N,N- tr (KBr): 1630, 1610, 1515, 1480, 1430, 1260, 750 

dimethylsmfamoyl)-5,6Klimethoxybenzimidazole-2-car- (cm- l ) 

boxamide (5.40 g). This compound was dissolved in 'H-NMR (CDCI3, TMS); 2.18 (s, 3H), 2.24 (s, 3H), 

THF (250 ml), and then water (70 ml) and cone, hydro- 2.4-2.65 (8H), 2.89 (t, 2H), 3.64 (s, 3H), 3.89 (s, 3H), 3.90 

chloric acid (7 ml) were added allowed to react over- 25 (s, 3H), 4.59 (t, 2H), 6.71 (s, 1H), 6.8-7.05 (4H), 

night at room temperature under agitation. The reaction 7. 15-7.45 (3H), 7.61 (d, 1H) 
solution was neutralized with ammonia water, THF 

was distilled off and the precipitated crystals were fil- EXAMPLE 14 
tered off. The crystals obtained was recrystallized from N-(2-Pyridyl)- 1 -[2-(4-(2-methoxyphenyl)- 1 -piperazinyl- 
chloroform/methanol to give the title compound (3.45 30 )ethyl]benzimidazole-2-carboxamide 
g ^M P 255 6° C In 3,1 ar S on atmosphere, N-(2-pyridyl)benzimidazole- 
IR (nujol): 3360, 3245, 1680, 1610, 1560, 835 (cm- >) 2 - c "k™\ de {l f ^ ved ^E^f 0 } 20 m °: 
1H-NMR (CDCI3, TMS):2.36 (s, 3H), 2.46 (s, 3H), md «>% sodlum «ydnde (a28 g) was added and stirred 
3.91 (s, 3H), 3.98 (s, 3H), 6.80 (s, 1H), 6.95 (s, 1H), 7.25 35 * room temperature for 1 hr. A solution (7 ml) of -[4- 
(s, 1H), 8.00 (s, 1H), 9.75 (bs, 1H), 10.90 (bs, 1H) 2-methoxyphenyl)-l- P ,perazmyl]ethyl chloride 1.65 g) . 
v ' v in DMSO was added dropwise and stirred at room 
EXAMPLE 12 temperature overnight. The reaction solution was 
N-(2-pyridyl)-5-methylbenzimidazole-2-carboxamide poured into an aqueous solution of ammonium chloride 
40 and extracted with chloroform, and the chloroform 
In an argon atmosphere, 2-aminopyndine (0.85 g) j was dired ^ res idue obtained by distilling off 
was dissolved in dry dichloromethane (15 ml), and 5.1 the solvent was purified by column chromatography on 
ml of trimethylaluminum (19% n-hexane solution) were silica j to ^ ve the title compoun d (1.54 g ) as amor- 
added dropwise while ice-cooling and reacted at room p hous solid. 

temperature for 1 hr. A solution of l-(N,N-dimethylsul- 45 TR (KBr) '. 335a 2810( 1695; 1525; 1435; 1300) 1240) 

famoyl)-2-ethoxycarbonyl-5(and 6)-methylben- 745 ( cm -i) 

zimidazole (2.00 g) in dichloromethane was added drop- lH-NMR (CDCI3, TMS): 2.65-2.85 (4H), 2.88 (t, 2H), 

wise and reacted at room temperature for 2 days. Di- 2 .95-3.10 (4H), 3.84 (s, 3H), 4.92 (t, 2H), 6.75-7. 12 (5H), 

luted hydrochloric acid was added dropwise while ? 35 _ ? 5? (3H)> 7.59.7.89 nm, 8.32 (d, 1H), 8.37 (dd, 

vigorously stirring and, the organic layer was separated 50 j jy. w 2Q ~ s 

and dried over Na2S04. Purification of the residue ob- ' 

tained by distilling off the solvent by column chroma- EXAMPLE 15 

tography on silica gel gave N-(2- P yridyl)-l-(N,N-dime- N-(2-Pyridyl)-l-[2<4-(3,4-dimethoxybenzovl)-l- 

thy] S ulfamoyl)-5(and ^ 6)-meth y lbenzimiQa Z ole-2-car- pi perazmyl)eth y l]-5,6-dimethoxybenzimidazole-2-car- 

boxamide (0.78 g). This compound was dissolved in 55 ' boxamide 

THF (30 ml), and water (15 ml) and cone, hydrochloric 

acid (2 ml) were added and reacted at room temperature In an argon atmosphere, N-(2-pyridyl)-5,6-dimethox- 

for 24 hrs. The reaction solution was neutralized with ybenzimidazole-2-carboxamide (0.85 g) was dissolved 

ammonia water, THF was distilled off, and the precipi- in DMSO (15 ml), and 60% sodium hydride (0. 16 g) was 

tated crystals were filtered and recrystallized from 60 added and stirred at room temperature for 1 hr. A solu- 

chloroform/methanol to give the title compound (0.27 tion (5 ml) of 2-[4-(3,4-dimethoxybenzoyl)-l- 

g). piperazinyl]ethyl chloride ( 1 .25 g) in DMSO was added 

M.P. 230.0° C. dropwise and allowed to react overnight at room tem- 

IR (KBr): 3420, 3360, 1680, 1540, 1435, 1300, 780 perature under agitation. After-treatment and purifica- 

(cm- 1 ) 65 tion in the same manner as described in Example 14 

1H-NMR (CDCI3 + CD3OD, TMS): 2.51 (s, 3H), 7.18 gave the title compound (0.72 g) as amorphous solid, 

(m, 2H), 7.46 (m, 1H), 7.59 (dd, 1H), 7.79 (dt, 1H), 8.27 IR (KBr): 3360, 1695, 1630, 1525, 1440, .1220, 1140, 

(d, 1H), 8.89 (dd, 1H) 1015 (cm-') 
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1H-NMR (CDCI3, TMS): 2.40-2.65 (4H), 2.84 (t, 2H), 
3.35-3.65 (4H), 3.87 (s, 3H), 3.88 (s, 3H), 3.99 (s, 3H), 
4.00 (s, 3H), 4.85 (t, 2H), 6.75-6.98 (4H), 7.07 (dd, 1H), 
7.21 (s, 1H), 7.75 (t, 1H), 8.28 (d, 1H), 8.38 (dd, 1H), 
10.05 (bs, 1H) 

EXAMPLE 16 
N-(2-pyridyl)-l-[2-(4-(3,4-dimethoxybenzoyl)-l- 
piperazinyl)ethyl]benzimidazole-2-carboxamide [ 0 
In an argon atmosphere, N-(2-pyridyl)benzimidazole- 
2-carboxamide (1.40 g) was dissolved in DMSO (20 ml), 
and 60% sodium hydride (0.28 g) was added and stirred 
at room temperature for 1 hr. A solution (7 ml) of 2-[4- 
(3,4-dimethoxybenzoyl)-l-piperazinyl]ethyl chloride 
(1.90 g) in DMSO was added dropwise and allowed to 
react overnight at room temperature under agitation. 
The reaction solution was poured into an aqueous solu- 
tion of ammonium chloride and extracted with chloro- 20 
form. The chloroform layer was dried over Na2SCUand 
the solvent was distilled off. Purification of the residue 
by column chromatography on silica gel gave the title 
compound (1.60 g) as amorphous solid. 

IR (KBr): 3350, 1690, 1630, 1520, 1430, 1300, 745 25 
K 1 ) 



16 

'H-NMR (CDCI3, TMS): 2.55 (m, 4H), 2.83 (t, 2H), 
3.52 (m, 4H), 3.88 (s, 3H), 3.90 (s, 3H), 4.90 (t, 2H), 
6.75-6.95 (m, 3H), 7.10 (dd, 1H), 7.30-7.55 (m, 3H), 
7.70-7.89 (m, 2H), 8.28 (d, 1H), 8.39 (dd, 1H), 10.15 (bs, 
1H) 

EXAMPLE 17 



N-Methyl-N-(2-pyridyl)benzirnidazole-2-carboxa- 
mide (1.70 g) was reacted and after-treated in the same 
manner as described in Example 16 to give the title 
compound (1.98 g) as amorphous solid. 

IR (KBr): 3430, 1650, 1630, 1460, 1435, 1263, 745 



- 1 ) 



'H-NMR (CDC1 3> TMS): 2.55 (m, 4H), 2.86 (t, 2H), 
3.58 (m, 4H), 3.70 (s, 3H), 3.89 (s, 3H), 3.90 (s, 3H), 4.62 
(t, 2H), 6.78-6.98 (m, 3H), 7.06 (dd, 1H), 7.15-7.45 (m, 
4H), 7.53-7.65 (m, 2H), 8.29 (dd, 1H) 

EXAMPLES 18-55 
The compounds shown in Tables 1 and 2 were pre- 
pared by using the appropriate starting materials and 
the procedures described in Examples 1-17. In the ta- 
bles, NMR data were determined in CDCI3 on the basis 
of TMS unless otherwise specified. 
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The cardiotonic activity of the compounds of the 
present invention was evaluated by the following 
method. 

METHOD . 

Right and left atria of guinea-pigs suspended in Mag- 
nus bath containing Krebs-Henseleit solution which 
was maintained at 33° C. A mixed gas consisting of 95% 
O2 and 5% CO2 was bubbled through the solution. The 
atrial muscle was loaded with the tension of 0.5 g, at- 1' 
tached to a strain gauge, and the contractility of left 
atrium caused by electric stimulation and the rate of 
right atrium were recorded. 

The activities of the test compounds in a concentra- 
tion of 1 X 10- 4 M are shown in Table 3. 1; 

The results are expressed as per cent (%) changes of 
contractility in atrium muscle and rate which are calcu- 
lated according to the following equation. 
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-continued 



The above components were mixed uniformly to 
prepare the powders for direct compressing. These 
powders were molded by means of a rotary tablet ma- 
chine to tablets, each having 6.3 mm diameter and each 
weighing 100 mg. 



Change of Rate (%): 
(Rate 



Rate before addition 



N— (2-Pyridyl)benzimidazole-2- 10 mg 
carboxamide (active ingredient) 

Lactose 90 mg 

Cornstarch 50 mg 

Crystalline cellulose 50 mg 



90 mg 



The components A were mixed uniformly and the 
solutions B were added. The mixture was kneaded to- 
gether, granulated by an extrusion granulating method, 
and dried by a dryer at 50° C. The dried granulate was 
35 passed through a mesh screen to classify into the parti- 
■ cle sizes ranging from 297 u-m to 1460 jam for the gran- 
ule preparations, each package weighing 200 mg. 



N — (2-Pyridyl 

White sugar 
D-sorbitol 70 w/v % 
Ethyl p-hydroxybenzoate 
Propyl p-hydroxybenzoati 
Flavoring agent 
Glycerin 



0.150 g 
0.500 g 
ad 100 ml 



Acute Toxicity in mice 

The acute toxicity of the compound (Example 1) of 
the invention was investigated using mice. The test 
compound was administered intravenously. LD50 (i-v.) 5 
was more than 750 mg/kg. Thus, the acute toxicity of 
the present compound was found to be very low as 
compared with 190 mgAg of dopamine hydrochloride 
as a control compound. 

The following examples illustrate how the com- 6 
pounds of the invention can be incorporated in pharma- 
ceutical preparations. 



White sugar, D-sorbitol, ethyl p-hydroxybenzoate, 
propyl p-hydroxybenzoate and the active ingredient 
were dissolved in 60 g of hot water. After cooling the 
mixture, there was added a solution of a flavoring agent 
dissolved in glycerin and ethanol. Water was added to 



Sodium chloride and the active ingredient were 
added to distilled water to make 1.0 ml. 
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N— (2-Pyridyl)b 
carboxamide (active ingredient) 
Polyethylene glycol 4000 
Glycerin 



2. A compound of claim 1 wherein R 1 is hydrogen, 
(C1-C3) alkyl or (C1-C3) alkoxy and n is 1 or 2. 

3. A compound of claim 1 wherein R 2 is hydrogen, 
(C1-C4) alkyl di-(Ci-C 3 ) alkylamino (C2-C3) alkyl, 

i acetyl, benzyl, phenethyl, carboxy (C1-C3) alkyl, 
(C1-C3) alkoxylcarbonyl (Ci-C 3 ) alkyl or (4-substituted 
-1- piperazinyl) (C2-C4) alkyl. 

4. A compound of claim 1 wherein R 2 is methyl, 
luu " '"" B ethyl, propyl, butyl, acetyl, propionyl, butyryl, stearoyl, 

10 aminoethyl, aminopropyl, monomethylaminoethyl, di- 
Glycerin was added to the active ingredient and dis- methylaminoethyl, carboxymethyl, 3-carboxypropyl, 
solved. Polyethylene glycol 4000 was added to the methoxycarbonylmethyl, ethoxycarbonylmethyl, ben- 
solution, warmed and poured into a mold for supposi- zyl, phenethyl, (4-(dimethoxybenzoyl)-l-piperazinyl- 
tory. The content was cooled for solidification to pre- )ethyl, (4-furoyl-l-piperazinyl)ethyl, (4-benzyl-l- 
pare suppositories each weighing 1.5 g. 15 piperazinyl)ethyl, (4-(methoxyphenyl)-l-piperazinyl- 

What is claimed is: )ethyl or (4-(ethoxyphenyl)-l-piperazinyl)ethyl. 

1. A compound of Formula I 5 - A compound of claim 1 wherein A is — NH— , 

— N(CH 3 )— , — N(C 2 H 5 )— , methylene, ethylene, prop- 
ylene, butylene, ethylidene, propylidene or butylidene. 
20 6. A compound of claim 1 wherein B is 5-( 1,2,3- 
triazolyl), 3-(l,2,4-triazolyl), 2-pyridyl, 3-pyridyl, 4- 
pyridyl, 3-pyridazinyl, 4-pyridazinyl, 2-pyrimidinyl, 
4-pyrimidinyl, 5-pyrimidinyl, 2-pyrazinyl, 2-ben- 
zimidazolyl, 2-benzothiazolyl, 3-benzoisothiazolyl, 2- 
25 quinolyl or 1-isoquinolyl. 

7. A compound of claim 1 wherein B is (C1-C3) alkyl- 
substituted pyridyl, (C1-C3) alkyl-substituted pyrimi- 
dinyl, phenyl-substituted pyridyl, nitro-substituted pyri- 
dyl or (Ci-C 3 ) alkoxy-substituted benzothiazolyl. 
30 8. A pharmaceutical composition which comprises as 
an active ingredient an effective amount of a compound 
of claim 1 or the physiologically acceptable acid addi- 
tion salt thereof, optionally in admixture with additives 
for pharmaceutical preparations. 
35 9. A pharmaceutical composition of claim 8 wherein 
the active ingredient is the compound of claim 2 or the 
acid addition salt thereof. 

10. A pharmaceutical composition of claim 8 wherein 
the active ingredient is the compound of claim 3 or the 

40 acid addition salt thereof. 

11. A pharmaceutical composition of claim 8 wherein 
the active ingredient is the compound of claim 4 or the 
acid addition salt thereof. 

12. A pharmaceutical composition of claim 8 wherein 
45 the active ingredient is the compound of claim 5 or the 

acid addition salt thereof. 

13. A pharmaceutical composition of claim 8 wherein 
the active ingredient is the compound of claim 6 or the 
acid addition salt thereof. 

50 14. A pharmaceutical composition of claim 8 wherein 
the active ingredient is the compound of claim 7 or the 
acid addition salt thereof. 



wherein R 1 is a hydrogen atom, a (C1-C3) alkyl group, 
a (C1-C3) alkoxy group or a halogen atom; 
n is 1 to 4; 

R 2 is a hydrogen atom, a (C1-C4) alkyl group, an 
amino (C2-C3) alkyl group, a mono- or di- (C1-C3) 
alkyl-amino (C2-C3) alkyl group, acetyl, propio- 
nyl, butyryl, stearoyl, benzyl, phenethyl, a carboxy 
(C1-C3) alkyl group, a (C1-C3) alkoxy carbonyl 
(C1-C3) alkyl group or (C2-C4) 



wherein X is a (C1-C3) alkoxy phenyl group ben- 
zyl, a (C1-C3) alkoxybenzoyl or furoyl group; 

A is — NR 3 — where R 3 is hydrogen or (C1-C3) alkyl, 
a (C1-C4) alkylene or a (C2-C4) alkyldiene; and 

B is a heterocylic group selected from triazolyl, pyri- 
dyl, pyridazinyl pyrimidinyl, pyrazinyl, ben- 
zimidozolyl, benzothiazolyl, quinolyl and isoquino- 
lyl, said heterocyclic group being optionally substi- 
tuted by one or more (C1-C3) alkyl, (C1-C3) alk- 
oxy, nitro or phenyl groups, or the physiologically 
acceptable acid addition salts thereof. 
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